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Youth smoking has become a serious concern in recent years (Centers for Disease Control and Prevention [CDC], 2012; U.S. Department of Health and Human Services [DHHS], 2012) . For the past few decades, although the overall smoking rate has decreased substantially, it has decreased far more slowly for young people (CDC, 2011) . Notably, since 2003 the youth smoking rate has declined only very slowly and the smokeless tobacco use rate remains stalled (CDC, 2012) . Every day approximately 3,800 youths and 1,800 adults initiate smoking, with about 1,000 youths becoming daily smokers (CDC, 2012) . Overall, 23.9% of high school students and 8.2% of middle school students used tobacco products in 2009 (CDC, 2010) . This is a critical issue since young people are more vulnerable to starting use and becoming addicted to tobacco; 88% of current adult smokers, an estimated 45.3 million people, took up the habit during their adolescent years (CDC, 2011 (CDC, , 2012 .
Ever since the harmg caused by smoking first came to public attention, healthcare researchers have implemented different interventions targeting youths. Although different types of prevention and intervention strategies have been attempted to deal with this complex youth smoking issue, the effectiveness of youth tobacco interventions is still unclear and presents a challenge (CDC, 2012) . In the current environment, where tobacco companies are introducing innovative tobacco products such as attractive flavored smokeless tobacco products, and continue to strategically direct their marketing strategies for these tobacco products at a youthful population, the need for effective, age-appropriate interventions is more urgent than ever.
The Internet can have an impact on smoking and other health behaviors, particularly for youth populations, as adolescents spend a significant proportion of their time using the Internet (Madden, Lenhart, Duggan, Cortesi, & Gasser, 2013) . According to the Pew Internet survey, 95% of all teens are online and 74% of teens are mobile Internet users (Madden et al., 2013) . The developmental characteristics of adolescence by nature, including constructing self-identities, fostering intimate social relationships, seeking stimuli, and avoiding boredom, make the Internet extremely attractive with its interactive features, fast overloads of information, and fun activity sources. Therefore, as researchers have noted the increasing influence of the Internet on adolescents' daily lives, they have initiated efforts to investigate the Internet as a source for health behaviors, including smoking behaviors (Crutzen et al., 2011) .
In spite of this increasing attention from researchers and the growing number of Internet-based programs on smoking prevention and cessation for youth, no studies have examined Internetbased smoking prevention programs focusing on youth systematically. Only a limited number of studies have reviewed Internet-based interventions for smokers (Civljak, Sheikh, Stead, & Car, 2013; Hutton et al., 2011) . The purpose of this systematic review is to investigate how the Internet is used for youth smoking prevention programs and how effective the Internet can be as a tool for youth smoking intervention programs. Thus, this review aims to provide (a) trends and gaps of current studies in youth Internet-based programs, (b) characteristics and effectiveness of youth Internet-based smoking interventions, and (c) methodological issues of identified studies. Therefore, this review is expected to inform the future direction of youth smoking prevention and cessation studies.
Methods
This review followed the protocol of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) for systematic reviews (Moher, Liberati, Tetzlaff, Altman, & The PRISMA Group, 2009 ). Based on the purpose of the study, inclusion and exclusion criteria are in place and the literature search process is described in Figure 1 .
Inclusion Criteria
Studies were included if they were published in a peer-reviewed journal in the past 10 years; they were published in English; the population studied was younger than 24 years; and they included Internet-based interventions as a smoking cessation or prevention tool. Studies were excluded if participants were over 24 years old; the Internet was used simply as a modality for the research survey tool or as a recruitment tool; they did not include smoking behavior information; or they did not provide data-based results including protocol-and feasibility-focused papers without the findings of effects in smoking status. The search was limited to peer-reviewed articles written in English and published in the past 10 years.
Search Strategy
A comprehensive search was conducted using five search engines: , Ovid MEDLINE, the Cumulative Index of Nursing and Allied Health Literature (CINAHL), PsycINFO, and Google Scholar (Conn et al., 2003) . In addition to these search engines, a manual search was conducted. The following search terms were combined in each category: smoking (smoking, tobacco, health behavior, health promotion); adolescents (children/child, youth/youths, adolescents, teenager/teenagers, young people, young adult/ young adults); and Internet (health-related Internet use, Internet use, Internet, web-based, e-health).
Data Extraction and Synthesis
All study titles and abstracts were initially evaluated by one reviewer based on the eligibility criteria. After the initial screening, full articles were reviewed for eligibility by two authors and the agreed-upon articles were included. After confirming eligibility, one reviewer entered components of the articles in the evidence tables and the second reviewer confirmed the accuracy of the coding. The coding scheme was developed based on the purpose of the studies and the guidelines of the systematic reviews (Moher et al., 2009; West et al., 2002) . In the case of any disagreement among reviewers, external review was considered.
Results

Study Selection
The initial search identified 652 articles (Figure 1) . The titles and abstracts of these articles were reviewed to determine whether they met the inclusion criteria, which resulted in a list of 46 articles that were potentially relevant. These 46 articles were then fully reviewed to confirm they met the inclusion criteria listed below, and reviewed to identify the purpose, sample, theoretical framework, method, and findings of each. When subjected to closer scrutiny, 33 articles were excluded since their focuses did not match the study criteria. Ultimately, 12 articles were included (Tables 1-5).
Features of Studies
Aims
The purposes of the 12 studies utilizing Internet-based programs for youth smoking prevention or cessation programs are described in Table 1 . The majority of these programs (64%) focused on smoking reduction or cessation and only one focused on smoking prevention (Shegog
Settings
The settings of the programs varied ( Table 1) . Most programs were delivered using only the Internet (Abroms et al., 2004; An et al., 2008; Norman et al., 2008; Patten et al., 2006) . However, several Internet-based programs were delivered from school-based settings (Buller et al.,2008; Chen & Yeh, 2006; Evers et al., 2012; Mermelstein & Turner, 2006; Norman et al., 2008; Shegog et al., 2005; Woodruff, Conway, Edwards, Elliott, & Crittenden, 2007) and community-based settings, such as summer camp (Bowen et al., 2012) . Group-based setting (Abroms, Windsor, & Simons-Morton, 2008) were also used to deliver basic components.
Population
Most studies were conducted in the United States, with only three studies conducted outside of the United States (Table 1 ). In total, 10,016 participants are included in the 12 studies. Ages varied from 11 to 23 years, but the majority of studies focused on either middle school students (Buller et al., 2008; Evers et al., 2012; Shegog et al., 2005) , high school students (Abroms et al., 2004; Chen & Yeh, 2006; Mermelstein & Turner, 2006; Norman et al., 2008) , or both (Bowen et al., 2012; Patten et al., 2006; Woodruff et al., 2007) . Only two studies were conducted for young adults (Abroms et al., 2008; An et al., 2008) . As most programs focused on smoking cessation, four studies (33.3%) included nonsmokers (Bowen et al., 2012; Buller et al., 2008; Norman et al., 2008; Shegog et al., 2005) ; the remaining studies (66.7%) included only smokers. One study includes girls only (Abroms et al., 2004) , and one study focused on the American Indian population (Bowen et al., 2012) .
Study design
Most studies (75%) used a two-armed randomized controlled trial (RCT), while quasiexperimental study designs were used in three studies ( Table 2) . Quasi-experimental studies included a two-group comparison without randomization (Abroms et al., 2004; Chen & Yeh, 2006) and single group with a pre and post comparison (Shegog et al., 2005) . Among twogroup comparison studies, although all studies used the Internet as the mode of delivering the program in the intervention group, there were differences in the control groups (Table 3) . In four studies, control groups provided no treatment (Bowen et al., 2012; Chen & Yeh, 2006; Evers et al., 2012; Woodruff et al., 2007) , and in two studies, control groups provided traditional health education programs, which do not include smoking specific programs (Buller et al., 2008; Norman et al., 2008) . Only in four studies did control groups provide non-Internet-based smoking cessation or prevention programs (Abroms et al.,2004 (Abroms et al., , 2008 Mermelstein & Turner, 2006; Patten et al., 2006) , and in one study, the control group provided brief information about other smoking cessation websites .
Outcome measures and follow-up
Although outcome measures vary by the purpose of the studies, most studies assessed smoking behavior (point 30-day abstinence, point 7-day abstinence) as a primary outcome, and four studies confirmed self-report with biochemical measures in smoking cessation studies. Smoking uptake, intention, attitudes, self-efficacy, and knowledge are common constructs used to evaluate the effect of smoking prevention. Follow-up assessments were conducted anywhere from immediately postintervention to 6 months later with various outcome measures, depending on the purpose of the studies (Tables 2 and 3) . Most (58.3%) of the studies evaluated the program at multiple points ( Table 2) , and the follow-up period of the interventions ranged from 1 month to 14 months from the pretest (Evers et al., 2012) . However, 41.7% of studies evaluated the effectiveness or efficacy of the program only once at postintervention without further follow-up (Abroms et al., 2004; Bowen et al., 2012; Buller et al., 2008; Chen & Yeh, 2006; Shegog et al., 2005) .
Characteristics of Youth Internet-Based Programs
Theoretical models
Most programs used theoretical frameworks when developing or using interventions (Table 3) . Several health behavior theories have been applied for developing the content of the programs, of which Social Cognitive Theory was most frequently used (Abroms et al., 2008; An et al.,2008; Buller et al., 2008; Chen & Yeh, 2006; Patten et al., 2006; Woodruff et al., 2007) . The Likelihood of Action Index Theory was also used (Bowen et al., 2012; Norman et al., 2008) , as well as the Health Belief Model, Theory of Planned Behavior, and Prochaska's Transtheoretical Model stages of change (Evers et al., 2012) . Quite a few studies incorporated motivational interviewing techniques (Buller et al., 2008; Norman et al., 2008; Patten et al., 2006; Woodruff et al., 2007) . However, some studies did not specifically indicate which theory or framework was used (Table 3) .
Intensity, frequencies, and duration
Although all the studies used Internet-based, youth smoking prevention or cessation programs, the intensity, frequencies, and duration of the delivery of the programs varied considerably ( Table 3) . The frequency of the programs was generally on a weekly to monthly basis, while the duration of the programs ranged from only once (Buller et al., 2008; Shegog et al., 2005) to 7 months. Most program sessions lasted from 30 min to 2 hr when the Internet was used as a mode of delivering the programs.
Unique characteristics of Internet-related components
Internet-based interventions consisted of different components, such as mode of delivery and follow-up source (Tables 3 and 4) . Most programs used it mainly as a source of information delivery using the web site (Bowen et al., 2012; Buller et al., 2008; Chen & Yeh, 2006; Evers et al., 2012; Norman et al., 2008; Patten et al., 2006; Shegog, 2005) or e-magazines (Abroms et al., 2004; An et al., 2008) and/or as a follow-up source, using emails (Abroms et al., 2008; An et al., 2008; Norman et al., 2008) or booster sessions (Mermelstein & Turner, 2006) . Most programs provided multimedia-based components, such as video content and stories (Bowen et al., 2012; Buller et al., 2008; Evers et al.,2012; Patten et al., 2006; Shegog et al., 2005) , which can attract adolescents effectively. In addition, Internet-based components were used to enhance interaction and engagement by providing tailored feedback to the participants and interactive activities in most programs based on the participants' smoking status ( Table 3) . Tailored contents of the target population were also provided to the target population (Bowen et al., 2010) and personalized feedback by assessing the current or former smokers' smoking status and changing status (Abroms et al., 2008; Buller et al., 2008; Evers et al., 2012; Norman et al., 2008; Shegog et al., 2005) were unique components that the Internet could provide. In addition, Internet-based components-interactive activities such as discussion boards (Bowen et al., 2012; Chen & Yeh, 2006) , questions and answers Patten et al., 2006) , and self-journaling (Patten et al., 2006 )-were also commonly used components to facilitate teenagers' engagement, allowing them to provide effective feedback. One study utilized a virtual reality program using avatars, which allows adolescents to explore the decision-making process through online role playing and discussion regarding smoking (Woodruff et al., 2007) .
Incorporation of non-Internet components
Although the programs used Internet components in the program delivery, the programs had educational non-technology-based components with personal involvement ( Table 4 ). The personal involvement varied by the study. A few programs required minimal assistance only for setting up the program in the beginning (Bowen et al., 2012; Buller et al., 2008; Evers et al., 2012; Shegog et al., 2005) . Several programs included some personal components delivered online, such as tailored counseling emails by a counselor or an online discussion led by a program moderator or peer supporters (Abroms et al., 2008; An et al., 2008; Patten et al., 2006) . Some programs included personal contacts combined with use of the Internet, such as general group sessions (Abroms et al., 2004; Mermelstein & Turner, 2006) , counseling (Abroms et al., 2008) , in-person group discussion or motivational interviews (Norman et al., 2008; Mermelstein & Turner, 2006; Woodruff et al., 2007) , role playing (Chen & Yeh, 2006; Mermelstein & Turner, 2006) , additional materials (Abroms et al., 2008) , and phone calls (Mermelstein & Turner, 2006) .
Effects of Youth Internet-Based Interventions
Cessation
Most studies showed positive outcomes in the efficacy of Internet-based components, with higher rates of quitting smoking in the intervention group compared to the control group with statistical significance (Table 4 ; Buller et al., 2008; Evers et al., 2012; Mermelstein & Turner, 2006; Woodruff et al., 2007) , including immediately postintervention and at 3 months (Evers et al., 2012; Mermelstein & Turner, 2006) . Interestingly, one study reported the opposite results (Patten et al., 2006) . In this study, the treatment group without personal components tended to report lower quit rates compared to the control group, which included an in-person component although it was not a statistically significant result (Patten et al., 2006) . Among the 12 relevant studies, most showed positive results regarding the efficacy of the program being evaluated ( Table 4) . Quit rates ranged from 4.9% (Buller et al., 2008) , 12.2% (Mermelstein & Turner, 2006) , and 16.2% (Abroms et al., 2004) at postintervention; 1% (Patten et al., 2006) and 42.8% at 2 months; 3% (Patten et al., 2006) , 20.4% (Mermelstein & Turner,2006) , 31.3% (Abroms et al., 2008) , and 33.0% (Evers et al., 2012) at 3 months; 6% (Patten et al., 2006) and 20.0% (Abroms et al., 2008) at 6 months; 40.5% at 30 weeks ; 6% at 9 months (Patten et al., 2006) ; and 28.7% at 14 months (Evers et al., 2012) . However, in most studies, significant positive results were not reported with long-term follow-up (Abroms et al., 2008; Evers et al., 2012; Woodruff et al., 2007) . Higher quit rates in treatment groups than control groups did not show statistical significance at 3 months (Abroms et al.,2008) , 6 months (Abroms et al., 2008) , 12 months (Woodruff et al., 2007) , and 14 months (Evers et al., 2012) . This result is consistent with other outcomes, such as a positive increase in action or maintenance stage at 3 months but no significant difference at 14 months reported (Evers et al., 2012) . Rarely were there studies that showed long-term positive results to 30 weeks , although other outcome measures such as the number of days smoked at 6 months showed positive results in long-term follow-up in one study (Abroms et al., 2008) .
Prevention
For smoking prevention programs, youth in the treatment group showed positive results in decreasing their intention to smoke with statistical significance in most studies (Bowen et al., 2012; Buller et al., 2008; Shegog et al., 2005) . In addition, resistance was increased in the treatment group compared to the control group in spite of the statistically insignificant difference in intention to smoke (Norman et al., 2008) . Smoking uptake did not show statistical difference, although a higher proportion of nonsmokers in the treatment group compared to the control group (Bowen et al., 2012) and nonsmokers were less likely to smoke in the treatment group compared to the control group (Buller et al., 2008) . Positive directional changes regarding attitudes toward smoking and self-efficacy were also reported with statistical difference in some studies (Chen & Yeh, 2006; Shegog et al., 2005) , but appeared inconsistent in another study (Buller et al., 2008) .
Subpopulation
Results based on subpopulation were also reported in a few studies. There were inconsistent results regarding the effectiveness of these programs changes depending on the age of the target population. In only a few reports that looked at subpopulations by age when examining the effectiveness of a program was the program found to be more effective for those in Grade 8 or above than those in Grades 6 or 7 in middle school (Evers et al., 2012) . Another study also showed that older students were more likely to change their smoking behaviors than younger students in the middle school population (Shegog et al., 2005) . The results were more inconsistent for high school students, where students in Grade 10 were reported to be the most responsive among students in Grades 9 to 11 (Norman et al., 2008) , while another study found that the younger population were more likely to quit among students in Grades 9 to 12 (Mermelstein & Turner, 2006) .
Methodological Issues
Internal validity
Based on the guides of West et al. (2002) , quality of studies and strength of evidence of the selected studies are reviewed ( Table 5) . Although all studies did not have an issue regarding study question, population, comparability of subjects, interventions, results, and discussions, some methodological issues can introduce a risk of potential bias regarding randomization, outcomes, and statistical analysis ( Table 5) . Although most studies utilized RCT study design, there are still some critical issues that can introduce threats to internal validity. Due to the nature of the study characteristics conducted in community or school settings, blinding was not applied in most studies; only one study used blinding for participants (Bowen et al., 2012) . In addition, studies that used individual randomization may have caused a diffusion effect when the intervention was conducted in a group setting (Bowen et al., 2012; Norman et al., 2008) . The studies that used clustered randomization reduced the contamination of the intervention effect, but there are issues regarding lack of description of the concealment process in randomization. Although the majority of studies did not have an issue regarding the analysis, a few did not use intent to treat analysis or failed to report if there were issues related to loss of follow-up (Abroms et al., 2004; Bowen et al., 2012; Chen et al., 2006; Norman et al., 2008) . Studies that did not use randomized control have some potential biases to internal validity (Abroms et al., 2004; Chen et al., 2006; Shegog et al., 2005) , including limited comparability of subjects (Abroms et al., 2004) . There are some remaining concerns regarding the outcome measure, as most studies used self-report to evaluate the study outcomes. Only four studies utilized a way of objective measure by using the biochemical method (Abroms et al., 2008; An et al., 2008; Mermelstein, 2006; Patten et al., 2006) . In addition, some studies required a more detailed report of psychometric properties of the instruments Bowen et al., 2012; Shegog et al., 2005; Woodruff et al., 2007) , although self-reported instruments are existing instruments previously used in the field of youth smoking studies.
External validity
Only a few studies attempted to assure external validity for generalization with the effort of having diverse sample representation. A few studies used multiple sites, from multiple schools (Evers et al., 2012; Mermelstein & Turner, 2006; Norman et al., 2008; Shegog et al., 2005; Woodruff et al., 2007) and multiple states (Patten et al., 2006 ; Table 2) . Only a few studies described attempts at having diverse groups (Evers et al.,2012; Mermelstein & Turner, 2006; Norman et al., 2008; Woodruff et al., 2007) . Thus, it is not sufficient to conclude generalizability of evidence in given studies.
Discussion
This review of Internet-based programs for adolescent smoking prevention and cessation is timely and provides understanding of the benefits of the Internet as a promising tool. A number of Internet-based interventions were developed based on various health behavior theories as their theoretical frameworks and were tested for a diverse population with different intervention frequency, duration, intensity, and study design. Due to these variations, individual study results are difficult to compare and too dissimilar or heterogeneous to combine.
However, in spite of the varying levels of effectiveness (quit rates ranging from 1% to 40%) and even opposite directional results in one study, Internet-based programs represent an emerging field and appear to be feasible to implement. Considering the control group condition and study design, we cannot conclude that Internet-based programs are more effective than person-based programs in the current literature. However, there is enough evidence that Internet-based programs are useful for clinically promising results in youth smoking cessation and prevention from the reported studies with quit rates as high as 40.5% at 30 weeks and positive trends in smoking prevention. In particular, Internet-based programs show strong evidence in effectiveness when they are used as follow-up sources, and they showed some promise of positive results when combined with various personalized educational strategies with yet limited evidence. These programs have strengths which include the ability to provide a personalized approach, interactive components, and engaging features, such as multimedia components. In addition, considering the low demands of the program delivery, once the program is developed, Internet-based programs show promise based on the ability to deliver the intervention in various settings, such as community, home, and school-based settings.
In addition, there are limitations related to the effectiveness and efficacy of Internet-based programs from these published studies related to methodological issues. Although the RCT method was the most frequent study design used, which is the gold standard for evaluating efficacy or effectiveness, it is still difficult to conclude the effect of Internet-based programs, considering the variability of conditions of control groups and lack of long-term follow up in some studies. In only a limited number of studies, Internet-based programs were compared with control groups with non-Internet-based smoking prevention programs. In addition, considering the variations in program features, it is difficult to conclude which components contributed to the effect of the outcome. In many cases, the Internet was used as an additional component along with personal contacts, and, in most studies, various components were used as a whole.
Conclusions
Although Internet-based programs show great potential for youth smoking prevention and cessation, clearly more research is needed, including diverse populations. In the current studies, youth 11 to 23 years of age demonstrated great variation between gender, developmental level, and culture. Considering the strength of the Internet-based interventions, such as the possibility of culturally tailored intervention for minority groups or subpopulations, interventions could be more targeted for certain subpopulations in future studies. A limited number of studies were conducted that focused on a specific subgroup, such as the American Indian population (Bowen et al., 2012) and girls (Abroms et al., 2004) . In addition, most studies did not report outcomes depending on ethnicity, and only one study showed Hispanic and White students as having a more positive change in intentions to not smoke than their African American counterparts (Shegog et al., 2005) . Thus, more effective programs should be developed to target specific populations with a more tailored approach. In addition, further studies for smoking prevention could report the effectiveness of specific components used in the selected studies. Considering the results demonstrating the importance of personal contacts in these programs, how to incorporate an in-person approach along with innovative components using available technology on the Internet should also be thoroughly considered for future studies. 
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